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     A simple model for the “diamond graphitization” type of phase transition is proposed, leading to 
a good agreement with the experimental data. The phase transition temperature dependence on the 
external pressure is found. A new phenomenon in diamond is predicted, which is a decrease of the 
temperature of graphitization with increase of external pressure.  
     It has been often mentioned that diamond is a unique metastable crystal that has exceptional  
physical properties. Many of the diamond parameters have been studied albeit with occasional 
discrepancies and even contradictions between various sources [1–5]. In many cases the discrepancies 
are due to the fundamental distinctions of the samples.  
It is well known that diamond can spontaneously [1, 6–8] transform into other forms of graphite 
(e.g. when the natural diamonds are faceted, small quantities of dark graphite-like material are observed 
[1, 6]).  
At the present time, many experimental investigations have been reported carried out under quasi-
equilibrium as well as under non-equilibrium conditions, in the presence of chemical agents or external 
influence (such as caused by electron, ion or laser beams, etc). However the theoretical description of 
the diamond transformations is far from complete.  
It is usually pointed out in the theoretical works that only the initial stage of graphitization is 
considered, when only a thin surface layer of graphite is created.  This limitation arises from the 
requirement of free volume, which is available near the surface or near lattice defects. Study of 
graphitization at longer times and in anisotropic systems requires for description of the process 
nonequilibrium transport equations (which is not accomplished yet) and requires additional 
approximations reducing, rather than improving, the result’s reliability. Mainly, these are the 
mathematical difficulties and complexity of the graphitization process that forces the researchers to 
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reduce their analysis to the isotropic models. The isotropic approximation is a standard, widely 
accepted model in such problems [3, 5, 8 - 10]. 
     Several mechanisms of the “true” graphitization are discussed, see the review in [1]. 
The first, “high-temperature” graphitization mechanism assumes that the carbon atoms 
experiencing the thermal fluctuations, acquire the energy exceeding the energy of their surface 
binding. Such atoms leave the surface and then re-crystallize but now in a different allotropic form 
[3, 12, 13]. In this case the fluctuation has to exceed the energy of sublimation, variable from 1  = 
7.6 eV/atom up to 1  = 10.9 eV/atom (for different directions) [3]. 
     The second true, “low-temperature” mechanism is evident from the observations showing that the 
necessary fluctuations can be smaller, such as 2 = 1.49 eV/atom [9, 13, 14].  Obviously, the 
distance between atoms thus should increase. 
 The third mechanism can be called the “intra-cell” graphitization [15, 16]. In this model the 
potential energy of a cell has supposedly two local minima. A transition from the higher energy min-
imum (diamond) to the lower one (graphite) requires only a small fluctuation. The distance between 
atoms thus should again increase.  
The investigations of graphitization are continuing (see, e.g. [17, 18]).   
     At least two approaches to the description of the graphitization phase change are possible. First, a 
very complex approach, is in terms of the quantum description of individual transitions of carbon 
atoms 23 spsp  . Second one assumes, that the graphitization is phase change, similar melting. In 
the latter case it is possible to assume that the Lindeman’s criterion applies [19-21] and to find the 
temperature of graphitization. The advantage of this approach is the minimal set of parameters 
required for the process study. Let us recall Lindeman’s formula for the melting temperature: 
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Here Tm is the melting temperature (in our case, the graphitization temperature), xm  is a 
dimensionless parameter whose value lies in the range of 0.2 to 0.25, M is the atom mass, k is 
Boltzmann constant,   is Debye temperature (k D  ), rs is the mean radius of the elementary 
lattice cell.  For the first mechanism ad = 1.78 x 10
-8
 cm (mean radiuses of elementary cells of 
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diamond), ag = 2 x 10
-8 
cm (mean radiuses of elementary cells of graphite), the activation 
energy atomeV /6.71  , M = 2 x 10
-23
 g (carbon),  sradD /102
14  , xm = 0.21. For other 
mechanisms all parameters are the same except for the activation energy atomeV /49.11  .   
In the first case the transition temperature of phase transition diamond - graphite obtained from 
the equation (1) is of the order of 10
5
 K. Since at such high temperatures solids turn to plasma, it one 
can conclude that graphitization as the phase change of the first type is unrealistic.  
     For the second mechanism, we find from the Lindeman’s criterion a similar value for Tm. This 
mechanism is therefore also irrelevant.   
A different situation should arise for the “intra-cell” graphitization. Then displacement of a 
carbon atom is neither  ag  nor  ad  but is equal to their difference cmxaaa dg
9102.2  .  In 
this case from (1) follows Tm   1360 K. It is known that such temperatures graphitization rate 
becomes appreciable [9, 15, 16]. The good agreement of the obtained theoretical estimation and 
observable value mT  displays, that the using of Lindeman’s criterion is justified.  
Apparently, we can draw a conclusion that the phase transition “graphitization of diamond” 
occurs according to the third scenario. However this conclusion demands complementary arguing.  
     Let's remark that the criterion of Lindeman was offered for the description of a melting. It 
does not take into account anisotropy of a system and, nevertheless, gives reasonable outcomes. 
There is no reason to expect that it does not also work for graphitization. As well as the melting, 
graphitization occurs when the thermal oscillations of atoms reach some characteristic amplitude. It 
is clear that the overheating of a sample higher then  mT  accelerates transitions between minima of a 
potential energy and can only speed up process of graphitization, as is observed experimentally.    
When diamond graphitization is discussed, it is often mentioned that the process occurs in 
vacuum or in a buffer gas at the normal pressure. The mechanism of “intra-cell” graphitization 
allows us to estimate the effect of the external pressure on the phase transition temperature. To 
achieve this, let us consider a diamond plate of some thickness on which an external pressure P is 
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exerted. If the measurements have been carried out at the pressure P0, then increasing the pressure 
will cause the plate to contract, while decreasing the pressure will cause it to expand. The lattice 
constant will then change according to     
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     In Equation (2) E is the Young’s modulus, the plus sign corresponds to a stretching sample. Since 
the intra-cell graphitization depends on a , we find from (2)  
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     It is still unclear what value of the Young’s modulus we should use. This can be an effective 
elasticity coefficient for the composite system “diamond + graphite”, or the Young’s modulus of 
diamond (or one of its modifications, to be precise). From (3) and (1) we find  
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 310360.1 mT K as it found above.  
     Equation (4) points at an unexpected effect. At the increased pressure the melting temperature is 
usually increases (known exception is the ice). In (4) this dependence is reversed. This result can be 
interpreted as follows. The pressure compresses the crystal cell, bringing the higher minimum of 
energy to the lower one reducing the value of  dg aaa   and, according to (1), reducing the 
transition temperature. 
     A generalization of several research results is given in [22], providing a plot P(Torr) = P(T°C)  
based on several data points. The plot shows that as pressure increase, Tm indeed decreases. If one 
selects several pairs of data points near the normal pressure and considers a function similar to (4), 
namely 
   PTPT  10 ,                                                            (5) 
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then T0 and a can be determined from the plot. It turns out that mTKT 14000 , which is another 
surprisingly good agreement between our theory and experiments [22]. However, from averaging 
several data points we find 17105.1  Pa ,  which is substantially different from the factor 2/E in 
(4).  Some possible explanations of this discrepancy are suggested above.  
     Let us also point out that for low pressures Eq. (4) becomes virtually independent of pressure, 
which is consistent with the plot from [22]. 
     To conclude, let us point out that that bending of a CVD plate should lead to large mechanical 
stresses, equivalent to an external compression or stretching in response to externally applied 
pressure, and to arising of the uphill diffusion, see e.g. [23]. Under these conditions, besides 
changing of graphitization temperature, re-distribution of impurities should be possible to observe 
(including cleaning of the CVD diamond surfaces from defects and impurities). Below the Tm this 
process can be significantly sped up by laser illumination. 
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